This issue of Seminars in Thrombosis & Hemostasis is devoted to the laboratory assessment of therapies used in the prophylaxis and treatment of bleeding and thrombotic disorders. The laboratory assessment of hemostasis and anticoagulant therapies defines a critical role of clinical coagulation laboratories due to their direct and significant impact on patient care. Furthering the importance of such activity is the ever increasing and diversification in the administration of such therapies.
Thrombosis, through its association with ischemic stroke, ischemic heart disease, and venous thromboembolism (VTE), is a major contributor to our global disease burden. For example, the 2010 Global Burden of Disease Study reported that ischemic stroke and ischemic heart disease are responsible for one in four deaths worldwide. 1 Also prevalent is VTE, with an annual incidence of 0.75 to 7.0 per 1,000 individuals, depending on geographic location and age, with an overall incidence of approximately 1 per 1,000 individuals. 2 The worldwide incidence of atrial fibrillation, a population at risk for thrombosis who often received prophylactic anticoagulant therapy, is estimated at 33.5 million and the incidence of atrial fibrillation is increasing. 3, 4 Individuals at risk of, or suffering from arterial or venous thrombosis, are treated on a short-or long-term basis with fibrinolytic, antiplatelet, and/or anticoagulant agents. Annually, this encompasses hundreds of millions of individuals worldwide. The clinical laboratory is instrumental in the care of these patients and assists in determining safety of therapy before it is initiated, as well as monitoring the effects and complications of therapy to adjust dose, administer antidotes, or provide adjuvant therapies.
As an effective agent in providing long-term anticoagulation, oral vitamin K anticoagulation has been administered for over 50 years. To better standardize monitoring with the prothrombin time (PT), the international sensitivity index (ISI) and international normalized ratio (INR) were introduced by the World Health Organization in the 1980s. Despite this effort at standardization, clinically significant variability in PT/INR results persists, pointing to additional standardization measures needed. [5] [6] [7] [8] Moffat et al therefore reviews the variables in the PT/INR and discusses the potential benefits of derived INR curves as well as the application of PT/INR testing to point-of-care devices. 9 While unfractionated heparin has been used as an anticoagulant therapy for nearly 75 years, laboratory issues regarding optimum use of the activated partial thromboplastin time (aPTT) in monitoring therapy remain. 10 Marlar et al thus provide an in-depth review of the determination and use of the aPTT heparin therapeutic range for use in monitoring. 11 In part, as a response to issues associated with unfractionated heparin therapy and its monitoring, newer heparin agents have been introduced within the past 20 years, including low-molecular-weight heparin (LMWH) and fondaparinux. These agents generally do not require laboratory monitoring. The article by Babin et al provides special insight into those populations who may benefit from measurement of plasma drug concentrations to allow dose adjustment. 12 Well-accepted laboratory means to assess drug concentration as well as newer available assays including thromboelastography and thrombin generation assays are extensively discussed. In those situations where heparin anticoagulation cannot be used, or is considered too risky, such as in patients with heparin-induced thrombocytopenia, a direct thrombin inhibitor may be administered. The article by Van Cott and colleagues provides valuable information about laboratory assays that can be used to monitor these therapies as well as to measure drug concentrations. 13 This article also provides invaluable information regarding the transitioning from these agents to oral vitamin K anticoagulation.
After 50 years of having a relatively limited armamentarium of anticoagulant therapies available, a new class of oral, fast acting, direct thrombin, and Xa agents has recently become available worldwide. While these agents were approved by U.S., European, and other regulatory agencies without recommended laboratory assays and recommended measured therapeutic drug concentrations, laboratories may be asked to provide tests that can be used to determine the presence or absence of drug. 14 Douxfils and Gosselin discuss the patient populations that may benefit from laboratory assessment of drug presence and/or concentration and further advise which assays may best serve this purpose. 15 Some information on sample collection and stability is also provided.
Extracorporeal life support is a life-saving strategy associated with the frequent occurrence of bleeding and clotting complications, often with ruinous outcomes. 16 The demand for anticoagulation of the extracorporeal circuit and the acquired coagulation changes associated with this circuit are in part the basis for such complications. Dr. Winkler meticulously explains the complex and often multifactorial nature of these complications as well as anticoagulant management and measurement methods in patients on extracorporeal life support. 12 Patients with acute thrombosis may be candidates for thrombolytic therapy. This therapy often induces complex systemic effects that greatly enhance the risk for bleeding. This often neglected area of therapeutics is highlighted by Kluft and colleagues in their intriguing review, which includes a means to assess safety prethrombolytic administration. 17 Importantly, the effects of thrombolytic therapy on systemic coagulation are presented as well as suggested laboratory assays that can be used to assess posttherapy patient samples.
Another aspect of antithrombotic therapy comprises the administration of antiplatelet therapies, which is increasing in both the hospital and out-patient settings. Aspirin and clopidogrel remain the mainstays of therapy, although additional/alternative therapies are emerging. 18 Orme and colleagues therefore discuss whether the oral agents need to be evaluated for resistance to therapy and whether patienttailored regimens have added clinical benefit. 19 Different methodologies to monitor antiplatelet therapies are reviewed and the current status of platelet function testing highlighted.
Hereditary and acquired bleeding disorders, although not as common as thrombotic disorders, have a global basis and require hemostasis testing, both for diagnosis and for monitoring during the administration of appropriate therapies. Insufficient replacement therapy may lead to continued bleeding and over-administration to thrombotic risk. Accurate laboratory assessment is crucial to appropriate care and there are important nuances to providing the most accurate and clinically useful results. The recently introduced modified factors VIII and IX replacement therapies may show variable recovery in one-stage factor activity assays depending on the replacement factor and specific aPTT assay used. 20 In the monitoring of post-von Willebrand factor (VWF) infusion samples, there is confusion as to whether factor VIII or VWF activity best correlates with bleeding risk. 21 An accurate measure of factor VIII activity is crucial during FVIII replacement therapy, as well as in von Willebrand replacement therapy. Castellone and Adcock carefully review the critical components of factor VIII activity assays as well as inhibitor assays, to help laboratories optimize these assays. 22 Kitchen and colleagues review the issues using one-stage factor activity assays in patients receiving modified recombinant factors VIII and IX replacement therapies as well as providing potential solutions to these issues. 23 Finally, Favaloro and colleagues describe the optimal array of assays for those undergoing therapy for von Willebrand disease (VWD) as well as how the interpretation of these assays may assist with the confirmation of type of VWD. 24 The contemporary laboratory assessment of hemostatic and anticoagulant therapies comprises a critical role for the clinical laboratory in support of optimized patient care. We hope that readers of this journal find the current assortment of articles valuable to their practice. A good understanding of assays needed for monitoring therapy, together with their interpretation, will underpin laboratory practice, as this area of testing becomes ever more crucial in the evolution toward personalized medicine. We feel that this issue provides a unique compilation from many years of practical experience. We sincerely thank all of the authors to this special issue for their contributions and the tremendous wisdom that they provide.
